Introduction {#cesec10}
============

Herpes zoster (shingles) is a painful, sometimes debilitating condition, characterised by a unilateral dermatomal vesicular rash resulting from reactivation of latent varicella zoster virus. The incidence of shingles increases with age, rising from 3·5 per 1000 person-years among 50--54 year olds to 7·1 per 1000 person-years among 75--79 year olds between 2001 and 2006 in the UK.[@bib1] Older individuals are more likely to develop complications, including postherpetic neuralgia, with pain persisting for more than 3 months after rash onset.[@bib2]

Since 2006, a live attenuated herpes zoster vaccine, Zostavax (Zoster Vaccine Live; Merck & Co, Kenilworth, NJ, USA), has been indicated for use in immunocompetent adults aged 50 years and older. The vaccine contains the same antigen (Oka strain of varicella zoster virus) as the childhood varicella vaccine but at a higher dose. Pre-licensure clinical trials showed the efficacy of a single dose of vaccine for healthy adults aged 70 years and older against herpes zoster to be 38% and against postherpetic neuralgia to be 67% over a mean 3·13 years of follow-up.[@bib3] Since then, longer-term follow-up studies have suggested that the efficacy of a single dose remains up to 30% for up to 8 years.[@bib4]

In 2010, the UK\'s Joint Committee on Vaccination and Immunisation recommended routine herpes zoster vaccination for 70 year olds with a catch-up programme for 71--79 year olds; the vaccination programme aimed to target 5·5 million people in England during its first 3 years.[@bib5], [@bib6] The choice of target age groups was based on cost-effectiveness analysis incorporating the age-specific incidence of herpes zoster[@bib7] and postherpetic neuralgia, the decline in vaccine efficacy with age, and the estimated duration of vaccine-induced protection. In the first year of the programme (2013--14), a single dose of vaccine was offered to adults aged 70 years (routine cohort) and 79 years (catch-up cohort) on Sept 1, 2013. In year two (2014--15), in addition to the routine cohort (70 years on Sept 1, 2014), there were two catch-up cohorts (78 and 79 years on Sept 1, 2014). In the third year (2015--16), in addition to the routine cohort (70 years on Sept 1, 2015), vaccine was offered to one catch-up cohort (78 years on Sept 1, 2015); individuals who were not vaccinated in their scheduled cohort remained eligible until their 80th birthday. In England, the programme was delivered in general practice alongside the seasonal influenza vaccination programme. The timing of implementation and phased catch-up took account of availability of vaccine and the impact on general-practice workload.

Research in context**Evidence before this study**We searched PubMed with the terms "herpes zoster (MeSH)" in combination with "vaccine impact", "vaccine efficacy", or "vaccine effectiveness" without age, language, or time restrictions to identify papers up to June 30, 2017. We included papers if they contained primary data on the live attenuated herpes zoster vaccine either collected from clinical trials to estimate vaccine efficacy against zoster or postherpetic neuralgia or from post-marketing studies to estimate vaccine impact and effectiveness in both immunocompetent and immunocompromised groups. We excluded immunogenicity studies and modelling papers predicting the epidemiological and economic impact of a herpes zoster vaccination programme. After reviewing 463 abstracts, we identified 11 relevant studies. These included clinical trials that showed the initial efficacy against herpes zoster and postherpetic neuralgia in immunocompetent individuals aged 70 years and older to be 55·4% and 66·8%, respectively, declining to 22·4% and 49·7%, respectively, after 5--11 years of follow up. Post-marketing surveillance data were available only from the USA, where a national recommendation has been in place since 2006 and where vaccine coverage was reported at 27·9% in 2014. Four large retrospective cohort studies in the USA have assessed vaccine effectiveness among immunocompetent individuals and estimated effectiveness of a single dose against herpes zoster to be 55% (95% CI 52--58), 51% (41--59), and 51% (50--53) and effectiveness against postherpetic neuralgia to be 59% (21--79). More recently estimates of effectiveness against herpes zoster and postherpetic neuralgia in the USA at 3 years of follow-up were 35% (33--37) and 55% (46--62), respectively.**Added value of this study**To our knowledge, this is the first population-based study assessing the impact of the herpes zoster vaccination programme in England since its introduction in 2013 using a sentinel primary care dataset. In the first 3 years of the programme, vaccine coverage for the routine cohort (aged 70 years) declined in the participating practices from 63% to 61% to 58%. Our findings show a clear effect on primary care consultations for herpes zoster and postherpetic neuralgia in the first 3 years of the programme, with an estimated 35% (95% CI 28--40) and 33% (26--39) decline in herpes zoster incidence amongst the routine and catch-up cohorts across the first 3 years of the programme, equivalent to 17 000 fewer zoster consultations among the 5·5 million individuals eligible for vaccination. We estimate a 50% (33--62) decline in postherpetic neuralgia incidence amongst the three routine cohorts across the first 3 years of the vaccination programme, with a 38% (21--50) decline in the catch-up cohorts. These results are consistent with short-term vaccine effectiveness of 62% against herpes zoster and 70--88% against postherpetic neuralgia in the year of vaccination, which is higher than the efficacy shown in the pre-licensure clinical trials and post-marketing surveillance studies in the USA.**Implications of all the available evidence**Our findings indicate that the real world impact of the herpes zoster vaccination programme is somewhat higher than estimated in clinical studies, consistent with the vaccine resulting in fewer patients with severe forms of disease presenting to health-care services. These results suggest the initial cost-effectiveness of the UK programme might have been underestimated. The shown impact of the programme should be communicated to health professionals and the public to improve coverage and maximise public health benefits in all countries where national recommendations exist.

In this paper, we present the first evaluation of the effect of the herpes zoster vaccination programme in England, 3 years after its introduction, using data on primary care consultations for herpes zoster and postherpetic neuralgia.

Methods {#cesec20}
=======

Data source {#cesec30}
-----------

The Royal College of General Practitioners (RCGP) Research and Surveillance Centre (RSC) is a sentinel primary care network, representing over 1% of the English population, and is geographically representative of the general population.[@bib8]

In March, 2017, we obtained data for the period Oct 1, 2005, to Sept 30, 2016, for patients aged 60--89 years from the 164 practices in the RCGP RSC network. This lag allowed for full capture of data after any delay in updating primary care records. We obtained denominator data for patients registered each month and stratified by age on Sept 1, 2013; year and month of vaccination; gender; and general practitioner (GP) practice. We included patients in the denominators if they were registered at the start and end of each month. Owing to the nature of the data obtained, we were able to generate person-years but could not precisely count included individuals. We also obtained aggregated numerator data to estimate vaccine coverage and incidence of primary care consultations for herpes zoster and postherpetic neuralgia (pain persisting beyond 90 days from rash onset) based on Read codes (a coded thesaurus of clinical terms used for recording patient findings and procedures; see [appendix](#sec1){ref-type="sec"}) using the same strata as for the denominator data.

We did not include consultations that included other codes suggestive of herpes zoster or antiviral prescriptions, unless they also coded a herpes zoster diagnosis.[@bib9] We also omitted any herpes zoster consultations that occurred within 6 months of a previous consultation.

This study meets the UK Health Research Authorities definition of usual practice in public health, so research ethics committee approval was not required. It was an observational study of usual care, using pseudonymised data extracted by the RCGP RSC after approval by the RCGP.

Statistical analysis {#cesec40}
--------------------

We defined age cohorts by participants\' age on Sept 1, 2013, to identify participants targeted in the first (aged 70 or 79 years), second (aged 69, 77, or 78 years), and third (aged 68 or 76 years) years of the programme ([table 1](#tbl1){ref-type="table"}). We calculated cumulative vaccine uptake by summing the vaccine uptake within each month from Sept 1, 2013, to Aug 31, 2016, for all cohorts. We calculated average cumulative uptake by taking the mean of the cumulative uptake values in each month from October to September of the relevant year and cohorts.Table 1Eligibility for herpes zoster vaccination in England by date of birth**Age on Sept 1, 2013 (years)First became eligibleRoutine cohorts**Sept 2, 1942--Sept 1, 1943702013--14Sept 2, 1943--Sept 1, 1944692014--15Sept 2, 1944--Sept 1, 1945682015--16**Catch-up cohorts**Sept 2, 1933--Sept 1, 1934792013--14Sept 2, 1934--Sept 1, 193677, 782014--15Sept 2, 1936--Sept 1, 1937762015--16[^1]

To assess the impact of the vaccination programme, we modelled the incidence of herpes zoster primary care consultations according to age (in years), region (London, Midlands, north England, and south England), gender, period of vaccination (through the years 2005--16), and vaccine eligibility. Vaccine eligibility is the factor that measures impact and was determined for each incidence stratum according to age and period and assigned as not eligible, eligible in that year (defined as October--September), eligible in the previous year, and eligible 2 years previously. The reason for starting in October before measuring impact was to allow time for immunity to develop and to take into account low uptake in the September of each year.

We modelled the data using multivariable Poisson regression with an offset for person-years. This model measures impact as the relative incidence in the vaccine eligible cohorts compared with unvaccinated cohorts.

Initially, we constructed a complex model including vaccine eligibility; linear, quadratic, and cubic age; and period effects; alongside gender, region, and month; and interactions between age, region, and period. We then simplified this model by dropping variables if the estimates of impact (incidence rate ratio for the vaccine eligibility factor) did not change by more than 3%, although a linear period effect was retained in all models. To predict the expected incidence and number of events in the absence of vaccination, we also fitted the final model using data from the cohorts who were not eligible for vaccination and used this modelled incidence to extrapolate to the vaccine eligible cohorts. We also used this model to generate figures of observed compared with modelled incidence, and a table of observed and expected numbers of events along with expected incidence and incidence reduction. To check robustness of impact estimates, we fitted a random effects model with GP as the random effect and a model with age and period included as factors rather than as polynomials. We used the same final model for postherpetic neuralgia. We did sample size calculations prior to obtaining data to ensure reductions of 25% could be detected (with 80% power and 5% significance). We calculated vaccine effectiveness consistent with impact and coverage by dividing the impact (percentage reduction) by the average cumulative coverage in the period and age cohort assessed. For example, a vaccine effectiveness of 60% is consistent with a 30% reduction and 50% coverage. Precision of vaccine effectiveness is based on the 95% CIs for impact. We did all analyses in Stata 13.

Role of the funding source {#cesec50}
--------------------------

The funding source had no role in the study design; collection, analysis, and interpretation of the data; and writing of the manuscript. The corresponding author had full access to all the data and the final responsibility to submit for publication.

Results {#cesec60}
=======

The number of patients aged 60--89 years at Oct 1 in each year who were registered at one of the 164 RCGP practices was 274 383 in 2005, increasing to 335 402 in 2015, with an average of 310 001 per year over the 11 years. These patients contributed a total of 3·36 million person-years and are described in [table 2](#tbl2){ref-type="table"} by vaccine eligibility, year, age, region, and gender according to person-years contributed and herpes zoster and postherpetic neuralgia events. Uptake for each age cohort was calculated on the basis of only those individuals eligible for vaccination each year, which increased from 20 951 in 2013--14 to 51 798 in 2014--15 to 72 710 in 2015--16.Table 2Description of the aggregated RCGP cohort person-years according to vaccine eligibility and year, age, region, and gender**Eligible for vaccinationNot eligible for vaccination**Total person-years[\*](#tbl2fn1){ref-type="table-fn"}Herpes zoster events (rate per 1000 person-years)Postherpetic neuralgia events (rate per 1000 person-years)Total person-years[\*](#tbl2fn1){ref-type="table-fn"}Herpes zoster events (rate per 1000 person-years)Postherpetic neuralgia events (rate per 1000 person-years)**Year**2005--06······270 2162096 (7·8)297 (1·1)2006--07······279 2642194 (7·9)306 (1·1)2007--08······289 9912391 (8·2)313 (1·1)2008--09······297 8112394 (8·0)330 (1·1)2009--10······305 0872535 (8·3)349 (1·1)2010--11······310 8292551 (8·2)334 (1·1)2011--12······315 8722620 (8·3)338 (1·1)2012--13······317 6432644 (8·3)364 (1·1)2013--1421 192151 (7·1)18 (0·8)295 4832480 (8·4)348 (1·2)2014--1552 558298 (5·7)43 (0·8)271 5902309 (8·5)353 (1·3)2015--1673 844467 (6·3)67 (0·9)256 4062043 (8·0)287 (1·1)**Age, years**60--69[†](#tbl2fn2){ref-type="table-fn"}······1 646 41511 487 (7·0)1134 (0·7)70--7380 669463 (5·7)50 (0·6)411 4163636 (8·8)478 (1·2)74--77[†](#tbl2fn2){ref-type="table-fn"}······423 4413939 (9·3)648 (1·5)78--8266 925453 (6·8)78 (1·2)358 6253546 (9·9)636 (1·8)83--89[†](#tbl2fn2){ref-type="table-fn"}······370 2983649 (9·9)723 (2·0)**Region**London15 578105 (6·7)16 (1·0)348 7012323 (6·7)383 (1·1)Midlands and east England30 649163 (5·3)24 (0·8)637 3635084 (8·0)687 (1·1)North England49 349323 (6·5)42 (0·9)1 091 7399517 (8·7)1232 (1·1)South England52 019325 (6·2)46 (0·9)1 132 3919333 (8·2)1317 (1·2)**Gender**Female78 700550 (7·0)80 (1·0)1 725 45915 872 (9·2)2180 (1·3)Male68 894366 (5·3)48 (0·7)1 484 73510 385 (7·0)1439 (1·0)[^2][^3][^4]

Uptake of the vaccine based on RCGP data shows that in the first year of the programme, coverage for the routine (aged 70 years) and catch-up cohorts (aged 79 years) rapidly increased, reaching approximately 35% by Nov 30, 2013, and then increased at a slower rate, achieving 63% coverage (routine) and 60% coverage (catch-up) by the end of the first year ([figure 1](#fig1){ref-type="fig"}). Eligibility of unvaccinated individuals in these cohorts until their 80th birthday is reflected in the higher coverage achieved in the first routine cohort by year 3 of the programme ([table 2](#tbl2){ref-type="table"}).Figure 1Cumulative coverage for each age cohort throughout 3-year vaccination programmeCohorts are grouped by age on Sept 1, 2013.

In the second and third years (2014--16), coverage in the routine cohorts (aged 69 or 68 years on Sept 1, 2013) showed a similar initial increase, but end-of-year coverage was lower (61% for the 2014--15 routine cohort and 58% for the 2015--16 routine cohort; [figure 1](#fig1){ref-type="fig"}). There were two catch-up cohorts in 2014--15 and one in 2015--16; end-of-year coverage was 58% in those aged 76 years on Sept 1, 2013; 59% in those aged 77 years; and 61% in those aged 78 years.

Uptake in the participating practices was similar to that reported nationally. Coverage was similar for men and women, except for the catch-up cohorts in the first 2 years of the programme, when coverage was about 5--6% higher in men. Coverage varied by 10% across regions (data not shown).

We included more than 3·35 million person-years of data for individuals aged 60--89, from Oct 1, 2005, to Sept 30, 2016, in the analysis of impact. The unadjusted rates show initial evidence of lower incidence in the vaccine-eligible cohorts than in those ineligible, higher rates in women than in men and in participants outside of London than those in London, and increases with age ([table 2](#tbl2){ref-type="table"}). We then modelled the incidence data to estimate the impact. After the fitting process, the final model only included the variable to measure impact (vaccine eligibility), a log-linear time trend (a 0·8% increase per year), and a quadratic age effect (with incidence increasing from 5·9 per 1000 person-years at age 60 years to a peak of 9·9 at age 83 years, then a slight decline to 9·7 by age 89 years---higher than previously reported in the UK[@bib1]). Region, month, and gender, although associated with herpes zoster incidence, were not confounders (vaccine impact estimates changed by \<1%) and we identified no significant interactions (data not shown). The model with factors for age and period gave similar results, as did the random effects model.

The first year of the programme (2013--14) saw a decline in the observed incidence of herpes zoster for routine and catch-up cohorts, whereas incidence in other cohorts showed a general increasing trend over time as the cohorts aged ([figure 2](#fig2){ref-type="fig"}). In the second year (2014--15), the decline in incidence in those eligible for vaccination in the first year improved as coverage improved. A decline in incidence was also observed in the third year (2015--16) for the additional routine cohort targeted in the second year---ie, those aged 69 years in Sept 1, 2013---as well as in the catch-up cohort of those aged 77 years on Sept 1, 2013, but the decline reversed for those aged 78 years on Sept 1, 2013. In the third year, the decline seen in the first routine cohort continued, but was reversed in the first catch-up cohort.Figure 2Observed zoster incidence and model-predicted incidence in the absence of vaccination by year for each age cohortCohorts are grouped by age on Sept 1, 2013. Each year range runs from Sept 1 of the first year to Aug 31 of the second. Blue points indicate observed zoster incidence and red points indicate observed incidence in age cohorts eligible for vaccination. Green lines show the model-predicted incidence in the absence of vaccination.

Cumulative uptake, observed and predicted cases, and relative incidence estimates from the fitted models are summarised for herpes zoster ([table 3](#tbl3){ref-type="table"}) and postherpetic neuralgia ([table 4](#tbl4){ref-type="table"}). Reductions for herpes zoster incidence were 35% (28--40) across the routine cohorts and 33% (26--39) across the catch-up cohorts in the 3 years of the programme ([table 3](#tbl3){ref-type="table"}). The vaccine effectiveness required to generate these observed reductions in the first 3 years after vaccination is about 60--65%, although somewhat lower in the second year after introduction for the catch-up cohort.Table 3Impact of routine and catch-up herpes zoster vaccination on GP-diagnosed herpes zoster by time since cohorts were first eligible for vaccination**Age on Sept 1, 2013, (age when first eligible for vaccination)Average cumulative uptake**[\*](#tbl3fn1){ref-type="table-fn"}**Expected events**[†](#tbl3fn2){ref-type="table-fn"}**Observed eventsIncidence rate ratio (95% CI)**[‡](#tbl3fn3){ref-type="table-fn"}**Expected incidence per 1000 person-yearsIncidence reduction per 1000 person-years (95% CI)Vaccine effectiveness (95% CI)**[§](#tbl3fn4){ref-type="table-fn"}**Routine cohorts**First year after vaccine eligibility68--70 years (70--71 years)46%3542550·72 (0·64--0·82)8·72·4 (1·6--5·6)62% (39--78)Second year after vaccine eligibility69--70 years (70--71 years)65%2411430·59 (0·50--0·70)8·93·6 (2·7--4·5)62% (54--77)Third year after vaccine eligibility70 years (70--71 years)70%117650·56 (0·44--0·71)9·24·1 (2·7--5·2)64% (41--80)All years of the programme68--70 years (70--71 years)56%7124630·65 (0·60--0·72)8·83·1 (2·5--3·5)62% (50--71)**Catch-up cohorts**First year after vaccine eligibility76--79 years (78--80 years)46%3482430·70 (0·62--0·79)10·03·0 (2·1--3·8)65% (46--83)Second year after vaccine eligibility77--79 years (78--80 years)62%2511510·60 (0·51--0·71)10·24·0 (3·0--5·0)64% (47--79)Third year after vaccine eligibility79 years (79--80 years)60%78590·76 (0·59--0·98)10·32·5 (0·2--4·2)40% (3--68)All years of the programme76--79 years (78--80 years)54%6774530·67 (0·61--0·74)10·13·1 (2·6--3·9)62% (48--72)[^5][^6][^7][^8][^9]Table 4Impact of routine and catch-up herpes zoster vaccination on GP-diagnosed postherpetic neuralgia by time since cohorts were first eligible for vaccination**Age on Sept 1, 2013, (age when first eligible for vaccination)Average cumulative uptake**[\*](#tbl4fn1){ref-type="table-fn"}**Expected events**[†](#tbl4fn2){ref-type="table-fn"}**Observed eventsIncidence rate ratio (95% CI)**[‡](#tbl4fn3){ref-type="table-fn"}**Expected incidence per 1000 person-yearsIncidence reduction per 1000 person-years (95% CI)Vaccine effectiveness (95% CI)**[§](#tbl4fn4){ref-type="table-fn"}**Routine cohorts**First year after vaccine eligibility68--70 years (70--71 years)46%47·8240·50 (0·34--0·75)1·170·58 (0·82--0·77)100% (54--100)Second year after vaccine eligibility69--70 years (70--71 years)65%43·1210·62 (0·40--0·95)1·260·48 (0·06--0·76)59% (8--92)Third year after vaccine eligibility70 years (70--71 years)70%17·350·29 (0·12--0·70)1·350·96 (0·41--1·19)100% (43--100)All years of the programme68--70 years (70--71 years)56%99·1500·50 (0·38--0·67)1·230·61 (0·41--0·76)88% (59--100)**Catch-up cohorts**First year after vaccine eligibility76--79 years (78--80 years)46%63·0380·60 (0·44--0·83)1·820·83 (0·31--1·02)86% (37--100)Second year after vaccine eligibility77--79 years (78--80)62%47·1310·66 (0·46--0·94)1·910·64 (0·11--1·03)55% (10--87)Third year after vaccine eligibility79 years (79--80 years)60%15·090·60 (0·31--1·16)1·990·80 (−0·32--1·37)66% (27--100)All years of the programme76--79 years (78--80 years)54%125·1780·62 (0·50--0·79)1·880·68 (0·39--0·94)70% (39--93)[^10][^11][^12][^13][^14]

Reductions were greater for postherpetic neuralgia, with a 50% (33--62) reduction in postherpetic neuralgia incidence in the routine cohorts across the first 3 years and a 38% (21--50) reduction in the catch-up cohorts ([table 4](#tbl4){ref-type="table"}). These results would be equivalent to a reduction in postherpetic neuralgia episodes of 0·6--0·7 per 1000 person-years, consistent with vaccine effectiveness of about 88% for the routine cohorts and 70% for the catch-up cohorts ([table 4](#tbl4){ref-type="table"}). The incidence rate ratios for postherpetic neuralgia, however, are based on small numbers with wide CIs.

Discussion {#cesec70}
==========

To our knowledge, this study provides the first evidence of a population effect of the herpes zoster vaccination programme on herpes zoster and postherpetic neuralgia amongst older adults in England. Among the three eligible routine cohorts and four catch-up cohorts during 2013--16, we found a 33--35% decline in the incidence of herpes zoster and a 38--50% decline in postherpetic neuralgia, respectively. This translates to approximately 17 000 fewer herpes zoster episodes and 3300 fewer episodes of postherpetic neuralgia amongst the 5·5 million individuals targeted for vaccination in the first 3 years of the programme. This result is in the context of an increasing incidence of herpes zoster over time, reflecting changes in population demographics and similar to trends observed in other countries.[@bib10]

In England, coverage was reported as 61·8% in the first year of the programme, 59·0% in the second year, and 54·9% in the third year in the routine cohorts (aged 70 years, 69 years, and 68 years on Sept 1, 2013, respectively) and 59·6% in the first year, 58·1% (57·8% for individuals aged 78 years and 58·5% for individuals aged 77 years on Sept 1, 2013), and 55·5% in the third year for the catch-up cohorts (aged 79 years, 78 or 77 years, and 76 years on Sept 1, 2013, respectively).[@bib11], [@bib12], [@bib13] General practices were encouraged to deliver the programme alongside seasonal influenza vaccination between September and January. Cumulative uptake data indicate most vaccines were delivered during the influenza season, although the vaccine is offered opportunistically throughout the year. Uptake in the participating practices showed geographical variation, similar to that observed nationally, with ethnicity and deprivation identified as contributing factors.[@bib14] Uptake was lower than for seasonal influenza vaccination in adults aged 65 years and older, at 73·2% for the 2013--14 season, 72·7% for the 2014--15 season, and 71·0% for the 2015--16 season.[@bib15]

In addition to the routine programme for adults aged 70 years, a phased catch-up programme was implemented for individuals aged between 71 and 79 years. The primary aim of the programme is to provide protection against herpes zoster and its most substantial complication, postherpetic neuralgia, by boosting an individual\'s pre-existing immunity. Unlike many vaccination pro-grammes in which the herd protection effects contribute to the overall population impact, any impact of the herpes zoster programme occurs through individual direct protection. This, together with the phased implementation adopted in England, provided an opportunity to assess whether a discernible population impact had occurred. By comparing changes in the incidence of herpes zoster and postherpetic neuralgia amongst vaccine eligible and ineligible cohorts, we showed reductions of 30--40% in herpes zoster, and slightly larger reductions in postherpetic neuralgia, in the first 3 years of the programme.

Based on the average RCGP uptake, the estimated incidence reductions are consistent with short-term vaccine effectiveness at 3 years of about 62% against herpes zoster and 70--88% against postherpetic neuralgia. Although these estimates are not based on a formal assessment of vaccine effectiveness and should not be overinterpreted (because potential confounders such as frailty are not assessed), they compare favourably with findings from the pre-licensure clinical trials in which protection against herpes zoster was 55·4% (95% CI 39·9--66·9) and 66·8% (43·3--81·3) against postherpetic neuralgia in adults aged 70 years and older.[@bib3], [@bib4] This difference might reflect that patients with herpes zoster in our analysis presented to general practice, and therefore might have been more severe than those detected during the active trial follow-up. This finding would be consistent with the vaccine providing improved protection against more severe forms of disease. If these effectiveness estimates were to be confirmed through a formal evaluation, such a confirmation might suggest that the initial cost-effectiveness of the programme was underestimated. So far, three published US retrospective studies have estimated effectiveness against herpes zoster at 55% (52--58),[@bib16] 51% (41--59),[@bib17] and 51% (50--53)[@bib18] and effectiveness against postherpetic neuralgia at 59% (21--79).[@bib17] A more recent US study[@bib19] estimated vaccine effectiveness against community herpes zoster and postherpetic neuralgia at 3 years in adults aged 70--74 years at 35% (33--37) and 55% (46--62), respectively.[@bib19]

In clinical trials, long-term follow-up of those individuals aged 70 years and older suggested that the efficacy against herpes zoster declined to 22·4% and against postherpetic neuralgia to 49·7% after 5--11 years.[@bib4] The Joint Committee on Vaccination and Immunisation recommendation was based on a cost-effectiveness analysis that considered the age-specific herpes zoster incidence, and fitted the available clinical trial data to a model that predicted a decline in vaccine efficacy over time.[@bib6] Our study followed up cohorts into the third year following vaccination. Longer-term population-based follow-up studies are therefore important to determine whether the waning protection assumed in the original cost-effectiveness can be shown in real life.

Because herpes zoster and postherpetic neuralgia are largely clinical diagnoses and patients tend to present to primary care, GP clinical record systems provide a comprehensive data source to monitor trends. The RCGP sentinel surveillance programme was established in 1964 providing longitudinal demographic and clinical information on a population of around 1·2 million registered patients, representative of the general population.[@bib8] The benefit of this system over other sentinel primary care systems is that the precise date of birth can be extracted; this is important to accurately identify eligible cohorts, because eligibility is based on age on Sept 1 of the year considered.

Despite the strengths of the RCGP data, assessment of programme impact requires accurate and reliable coding of the outcome (herpes zoster or postherpetic neuralgia consultations) and vaccines administered. Furthermore, we only included consultations in which herpes zoster and postherpetic neuralgia were coded based on diagnosis rather than by prescriptions. Although this approach increases sensitivity, the burden in primary care might be underestimated. Formal vaccine effectiveness assessment was not undertaken as individual level data were not extracted from RCGP. Although most cases of herpes zoster and postherpetic neuralgia are managed in general practice, severe cases that present to hospital might not always be accurately recorded in the primary care record. The herpes zoster vaccination programme is delivered through GP practices in England and is the only live attenuated vaccine routinely offered to that age group. A clinical assessment is required before administration to ensure those for whom the vaccine is contraindicated (particularly those who are immunosuppressed) are not inadvertently vaccinated.[@bib2] In the first year of the programme, about 2·9% of the routine cohort and 3·6% of the catch-up cohort were contraindicated to receive the vaccine.[@bib2] However, these groups are also at increased risk of herpes zoster and its complications and most likely to benefit from vaccination. The development of an inactivated subunit vaccine, which has shown promising results in pre-licensure studies, might protect high-risk individuals from herpes zoster in the future.[@bib20]

Despite the encouraging coverage early in the vaccination programme, coverage has declined by 6·9 percentage points since the start of the programme, from 61·8% in 2013--14 to 54·9% in 2015--16.[@bib13] Given the demonstrated impact of the programme on herpes zoster and postherpetic neuralgia, the benefits of the programme need to be effectively communicated to health professionals and the public to maximise protection from this potentially debilitating condition in those most at risk.
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[^1]: Individuals remain eligible until their 80th birthday.

[^2]: RCGP=Royal College of General Practitioners.

[^3]: Vaccine eligible person-years includes all time from the point that each age cohort first became eligible to receive vaccine.

[^4]: Age group not eligible for vaccination.

[^5]: Impact is shown by the incidence rate ratio (observed/expected events) and incidence reduction. GP=general practitioner.

[^6]: Calculated by taking the mean of the cumulative uptake values in each month from October to September of the relevant years and cohorts.

[^7]: Expected if the vaccine had not been introduced; based on model results for unvaccinated cohorts.

[^8]: Estimated from the Poisson regression model with a log-linear time trend, quadratic age effect, and the factor for vaccine eligibility.

[^9]: Effectiveness required to generate the observed reductions in the first 3 years after vaccination.

[^10]: Impact is shown by the incidence rate ratio (observed/expected events) and incidence reduction. GP=general practitioner.

[^11]: Calculated by taking the mean of the cumulative uptake values in each month from October to September of the relevant years and cohorts.

[^12]: Expected if the vaccine had not been introduced; based on model results for unvaccinated cohorts.

[^13]: Estimated from the Poisson regression model with a log-linear time trend, quadratic age effect, and the factor for vaccine eligibility.

[^14]: Effectiveness required to generate the observed reductions in the first 3 years after vaccination.
